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I. INTRODUCTION 

A. Background 

As the design of high performance marine propellers and hydrofoils 
has become more exact, the desire to investigate all of the mechanisms 
of efficiency loss has naturally increased. One of the most evasive of 
these loss mechanisms is that of viscosity. It is obvious that viscosity, 
both molecular viscosity and the virtual or eddy viscosity arrising in 
turbulent flow, contribute to the drag of the foil by providing for trans- 
fer of energy from the foil to the medium in which it operates, thereby 
increasing the power required to move the foil through this medium, A 
little less obvious is the fact that due to the way we have chosen to 
treat the motion of the foil mathematically, viscosity causes a discrep- 
ancy between the pressure distribution as we calculate it and what is 
actually measured in experiment. 

In order to make the solution of the flow about a lifting form trac- 
table, we choose not to solve the Navier Stokes Equations in all their 
glory, but rather by applying the unrealistic boundary condition of 100 % 
slip at the boundary, we use Laplace's Equation for solving the so-called 
potential flow and apply the Kutta Condition at the trailing edge of the 
form to prevent the solution from giving results which we have observed 
do not occur, i.e. flow across the trailing edge. However, at the 
Reynolds Numbers around which these lifting surfaces operate, experiments 
indicate that there is a region around the foil where viscous effects 
are noticeable and in fact are of the same order of magnitude as the in- 
ertia forces. Thus, the existence of the boundary or shear layer around 
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the foil must be acknowledged if the artifice of potential theory is 
used to estimate flow behavior near the foil. The boundary layer is 
defined as the region quite near the surface of the foil where the ve- 
locity varies from zero at the surface to some high fraction of the ve- 
locity predicted by potential theory; in this thesis 0.992 has been 
chosen for this fraction. The flow then does not actually encounter the 
boundaries of the solid body as predicted by potential theory but it is 
assumed that it encounters boundaries which include the virtual thickness 
of the boundary layer, which allows no flow, i.e. displacement thickness. 
This change in the effective shape of the body then must change tho lift 
since potential flow theory predicts a lift coefficient which is a func- 
tion of geometry only. The boundary layer generally grows unsymmetrically 
about the nose-tail line of the foil and therefore moves the center of 
the trailing edge in the direction of the thickest surface boundary lay- 
er. This effectively changes the angle of attack of the section which 
the flow encounters causing an additional change in lift. 

Limited experiments pursuing the determination of viscous effects 
on the lift of airfoil sections have been carried out by Pinkerton (1), 
Preston (2), Schneider (3), and Spence (U). In fact as far back as 1933* 
investigations were made into boundary layer development along two di- 
mensional airfoils by Stuper (5> ) . These experiments have been limited 
to foils of large thickness. However, for lack of better information, 
the results of these investigations have been used in the prediction of 
viscous effects in the design of thin marine propeller and hydrofoil 
sections, if viscous effects on the lift of these devices is considered 
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at all. Leopold (6), suggests that the above procedure is fallacious 
and proposes that since the boundary layer development on the surface of 



wise Reynolds Number, the effects of thickness and Reynolds Number must 
indeed be incorporated in any consideration of lift alteration due to 
viscosity. Leopold recommends that the boundary layer on the surface of 
the foil be calculated using an approach developed by Moses (7), which 
has been programmed to accept the surface velocities predicted by poten- 



around the section is incorporated in the linear theory to predict the 
lift of the section in viscous flow.- The concluding sections of Leopold's 
work recommend experimental work oriented toward establishing the valid- 
ity of this approach. 

B. STATEMENT OF THE PROBLEM 

A proposed theory then exists for the determination of viscous 
lift correction which would be useful in the design of all foil sections 
but which is particularly applicable to foils used in Marine designs. 
However, no experimental work is available to uphold the theory. Errors 
may exist due to the difficulty in exactly stipulating the behavior of 
turbulent boundary layers in pressure gradients, and it is by no means 
clear that the pressure distribution around a body in viscous flow can 
be exactly modeled by the pressure distribution resulting from calcu- 
lating the potential flow around the body "corrected'* by £#. This method 
is, at best, an iterative approximation to the complicated Navier-Stokes 
Equations. The problem then, is first, to determine whether the measured 



a foil is strongly dependent on the pressure distribution (5^,) and chord- 



tial theory, then the displacement thickness. 
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boundary layer thickness or more correctly, displacement thickness, when 
added to the dimensions of a foil, produces a shape whose potential flow 
solution for pressure distribution conforms to the measured pressure 
distribution. Second, since moot algorithms for solving the turbulent 
boundary layer problem are accurate only for particular types of flow, 
i.e. (some breakdown in strong adverse pressure gradients, others in 
favorable gradients), the applicability of the boundary layer calcu- 
lation chosen by Leopold must be checked in this particular physical 
situation. Perhaps the most elusive factor is the effect of the loca- 
tion of laminar-turbulent transition on both surfaces. The position of 
transition is extremely difficult to predict and is dependent on such 
parameters as surface roughness, turbulence level of the oncoming flow, 
and perturbations caused by vibration, in addition to the parameters 
which we feel we have reasonable ability to predict (dp/dx and Re x ). 

The thickness of the boundary layer toward the trailing edge and its 
effect on the angle of attack of the adjusted form is highly dependent 
on the transition point on each surface as well as on the relative tran- 
sition points on the top and bottom surfaces. 

C. OBJECTIVES 

The objective of this thesis was to build and instrument a model 
of an extremely thin, low camber two dimensional section of a marine 
propeller or hydrofoil, measure the pressure distribution at reasonably 
high Reynolds Numbers and simultaneously measure the velocity dis- 
tribution normal to the surface at points along the chord on both the 
pressure and suction sides. The dimensions of the foil were then to be 
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increased by the value of £ gotten from the experimental results. Now, 
with the offsets of this altered form, tho pressure distribution around 
it was to be calculated, using the most convenient and accurate potential 
theory type calculation. The computer program organized by T. Brockett (8) 
was used for this purpose, rather than linear theory as recommended by 
Loopold (6). Tho pressure distribution obtained from this calculation 
wa3 then to be compared with that which was experimentally determined. 

The boundary layer measurements were to be compared with results of the 
calculations due to Moses (7), as modified by Leopold (6). 



II. PROCEDURE 



A. EXPERIMENTAL APPARATUS 

Tho primary requirement of this experiment was to be able to meas- 
ure accurately, (1) the chord-wise pressure distribution and (2) the 
velocity distribution in the boundary layer. These items were to be 
obtained at as high a Reynolds Number as is experienced by the 0.7 radius 
section of a marine propeller. This Reynolds Number is approximately 

7 

10 . The requirement for the test piece was that it be a reasonable 
model of a standard two dimensional foil section used in the design of 
propellers and hydrofoils. 

1. FOIL DESIGN 

The foil chosen wa3 a NACA 66 modified nose and tail airfoil. The 
thickness ratio was to be 0.0333* A 1.0 mean line with 2 % camber with 
a chord length of 60 inches was planned. Strength calculations were 
made, based on uniform lift along a 7 foot span with simple supports, 
and the results appeared marginal. The span was originally chosen to 
fit the vertical dimension of the test section of the Wright Brother's 
Wind Tunnel. Since it appeared that conventional foil construction 
methods would result in danger of structural failure at high Reynolds 
Numbers and high angles of attack as well as excess flexibility which 
might permit fluttering vibrations, it was decided to construct the 
foil of solid Honduras Mahogany reinforced in the span-wise direction 
by steel tubes. For reasons of economy, the span was reduced to four 
feet. Even with this modest span, robust construction was 6till nec- 
essary. Static pressure taps wore installed in the upper and lower 



-15- 



surf aces by drilling down to the span-wise tubes and filling the holes 
with Epoxy. After the surfaco of the Epoxy was finished flush with the 
surface of the foil, 0.035 inch holes were drilled into the Epoxy nornal 
to the surface and down into the tubes. The leading and trailing edges 
were milled out of solid aluminum, and fitted into the wooden part of 
the foil with steel keys. 

The method of getting the pressure readings out of the wing as 
originally planned, appeared simple but, did not work out satisfactorily 
(Fig. 1). The center of each span-wise tube was plugged; effectively 
dividing each one into two tubes. The pressure taps were drilled down 
offset from the center of the span so that the upper and lower taps 
entered the tubes on either side of the plugs. This arrangement would 
allow the suction side pressures to be taken from one side of the foil 
and the pressure side from the other, thereby obtaining twenty-six pres- 
sure readings with only thirteen tubes. Unfortunately rendering the 
center plugs in the tubes air tight turned out to be impossible, and an 
alternate plan was used. 

Galvanized steel sheet end plates were bolted to the ends of the 
foil. The ends of the pressure take-off tubes were threaded and used as 
fastenings for the end plates. The plates were used to cover the open- 
ings in the end walls of the test section which were required to allow 
the pressure tubes to swing in a 10° arc. They also served the purpose 
of housing bolts to hold the foil in position at various angles of 
attack (Fig. 2). 
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2. rSSIGN 0? THIS TEST SECTION 

The orginally planned seven foot span would have enabled the test 
section of the Uright Brothers Wind Tunnel to be used without signifi- 
cant alteration. However, when the four foot span section was built 
instead, an elaborate test section was necessitated. The foil was to 
be placed horizontally in the tunnel between end walls which would span 
the entire length and height of the tunnel test section. These walls 
were fabricated from sections of fibre board fastened to foundations 
bolted to the tunnel overhead. The center of the fabricated test section 
had circular arcs cut into it which would allow all of the protruding 
pressure tubes to swing freely when the angle of attack of the section 
was changed. The part of the end walls into which the foil was fitted 
was given additional bracing, and metal bearing plates were bolted to 
them to accept the pivotal tube of the airfoil. The overall dimensions 
of the test section were 72 ft* high by 16ft. long with hft. between the 
end walls. The walls were toed out at the trailing edge by 3/Sin. on 
each side to compensate for the nozzle effect caused by the development 
of a boundary layer along the test section. The amount of toe-out was 
determined by a simple flat plate turbulent boundary layer calculation 
for 5 *. 

3. MEASURING APPARATUS 

As mentioned in section 1, airtight plugging of the centers of the 
pressure tubes was not successful, therefore, the neoprene tubeing from 
both sides of these tubes was connected to W T" joints and single tubes 
from the tt T w s were connected to thirteen of the openings of a twenty-four 
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tube inclined manometer bank. Top and bottom pressures were measured on 
separate runs. When not in use, the holes of either suction or pressure 
sides were covered with a single long strip of very fine transparent 
tape. 

The total pressure readings in the boundary layer on the surface 
of the foil were taken using a ten tube rake, built by the Aerodynamics 
Projects Laboratory (Fig. 3)» The top tube of this rake was a static 
tube; the remaining nine tubes were total pressure tubes ranging in 
distance from the surface from 0.02in. to l.Oin. The tubes had eliptical 
openings to aid resolution. The dimensions of the tube openings were* 
major axis 0.03in., minor axis O.Olin. The major axis was parallel to 
the surface. The tubes connecting the rake to the manometer are called 
by the brand name "Stripatube" and the ten tubes come in a single strip 
with overall dimensions 1/8" by 2^" wide. The strip was led aft over 
the trailing edge down to a stanchion mounted on the tunnel floor, down 
the stanchion, along the tunnel floor and thence out of the test section 
to ten of the tubes on the inclined manometer bank (Fig. U). The purpose 
of the stanchion was to reduce the angle at which the Stripatube fell 
away from the foil surface, thereby reducing drag on the tubing and hence 
eliminating the possibility of having the rake removed from the surface 
in the middle of a run. An additional total pressure rake was used in 
regions where the boundary layer thickness exceeded 0.8 inches. It con- 
sisted of two total pressure tubes approximately 1.25 inches and 1.50 
inches above the surface. These tubes also had elliptical openings with 
the major axis parallel to the surface of the foil (Fig. 5). 
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A pitot-statio tube was mounted in the test section about five feet 
ahead of the foil. The tubes were lod to an indirect reading manometer 
at the control board of the wind tunnel. A tee joint was placed in the 
static pressure tubing from the probe and a tube was led from it to the 
inclined manometer table so that the tunnel static pressure (Pstat oo ) 
could be readily compared with the static pressures along the surface 
of the foil, which are also displayed on the inclined manometer bank. 

Surveying the boundary layer just aft of the trailing edge required 
the use of an additional rake. This one consisted of alternating groups 
of three total pressure tubes and one static tube (Fig. 6). Only twenty 
of the tubes were read. The entire rake was moved up and down, traversing 
the wake in intervals of 0.1 to 0.2 inches. The tubes from this rake 
were led to a vertical manometer in the tunnel control room. This rake 
was simply bolted to the floor of the tunnel just behind the foil and 
adjusted by hand between runs. 

An inclined manometer obtained from the 0a3 Turbine Laboratory was 
set up at an angle with the floor of lli.5°, giving an amplification factor 
of luO to the readings (Fig. 7). The fluid used was Meriam Oil with a 
specific gravity of 0.627 at 60°F. The columns on the inclined manometer 
are numbered 1 thru 13 for the the thirteen static taps. W S W is the 
tunnel static lead and numbers 1 thru 10 are the leads from the rake. 

The indirect reading manometer was of the inclined type with a vernier 
scale for adjusting the height of the inclined section (Fig. 8). It was 
filled with alcohol whose specific gravity was 0.806. The vertical 
manometer used for the wake survey also used alcohol of the same specific 
gravity (Fig. 6). 
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h. SET UT> PECSLE^ 

The main difficulty rested in the design of the foil section. Tho 
experiment would not ba particularly meaningful if the section ton tod 
wore not a "thin" section. Also, largo spin was considered necessary to 
remove tho possibility of end effects disturbing the boundary’ layer at 
the center section. The combination of large span and small cross 
sectional moment of inertia introduced a considerable strength problem* 

In addition, the small thickness introduced obvious construction dif- 
ficulties. After conversing with several sheet metal fabricators, the 
idea of building the foil in a manner similar to a conventional wing, 

U3ing ribs and frames with sheet metal covering, was abandoned by the 
author. This was unfortunate, since excellent instrumentation of this 
typa of model could have been obtained. Trie method of building the foil 
of chord-wise strips of mahogony fitted over steel tubes was adopted. 

The Installation of the pressure tubes seemed simple and foolproof. 

However, the finished surfaces of the Epoxy plugs were unsatisfactory 
in many instances due to the inclusion of small bubbles, and no amount 
of wet sanding seemed to help. Drilling the 0.03? holes through the plugs, 
regardless of hew carefully done, heated some of the plugs enough to cause 
them to bulge slightly above the surface of the foil. Any small discon- 
tinuity in tho surface can obviously make static pressure measurements 
inaccurate. 

Tho foil itself, when returned by the model maker had several dis- 
crepancies. The foil did not conform to tho template supplied by the 
author. It was in fact, drastically thinner and had greater camber. 
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The exact dimensions of the foil were obtained by the author, using a 
clay impression. It had been planned to leave the center section of 
the three sections of the leading and trailing edges unattached to the 
foil except by the key. This was to enable the author to further in- 
strument the leading and trailing edges. Unfortunately the model maker 
misunderstood and returned the foil solidly together in all aspects* 

As a result, a rather crude 30b was done in getting pressure readings 
from the leading and trailing edges. 

E. EXPERIMENTAL METHOD 

With the model set up in the tunnel at the desired angle of attack, 
the rake was attached to the surface of the foil using pieces of tape. 

The leading edges of the tape were blended to the foil surface using 
fine Scotch Tape. The rake was always positioned with the openings of 
its static tube on the same chord-wise line as a surface static tap 
(Fig . 9 ). This facilitated comparison between the surface static pres- 
sure and the static pressure at the edge of the boundary layer. In 
regions of separated flow or where large streamline curvature existed, 
no significant correlation was expected. The total pressures and static 
pressures from the rake, the static pressures on the foil surface and 
the tunnel static pressure upstream of the wing were read on the inclined 
manometer. The tunnel velocity head was measured on the indirect reading 
manometer. 

Twelve runs were made on each foil surface, coinciding with twelve 
of the thirteen surface taps. The rake could not be placed far enough 
back on the trailing edge to get a run for a position corresponding to 
number thirteen surface tap. 



- 21 - 



Each of the runs actually were made at slightly different Reynolds 
Numbers, since the tunnel velocity would not return to the same value 
after the tunnel was shut down for repositioning the rake for the next 
run. 

However, the difference in the velocity head for the various runs 
amounted to, at most, 0.06 inches of fluid of specific gravity 0.806, 
which is equivalent to 1.1 feet per second. This, obviously has little 
effect on Reynolds Number and therefore no loss in accuracy of the 
measurements of viscous phenomena is expected. 

The runs were to be made on both surfaces of the foil. And the 
original plan was to tale measurements at five different angles of attack 
and at two Reynolds Numbers. This amounts to 2it0 i*uns. Since, the total 
pressure tubes on the boundary layer took close to thirty-five minutes 
to steady down, and since it was necessary to measure the heights of the 
rake tubes above the foil surface and carefully reposition the rake after 
each run, bringing the total "run time" to about forty-five minutes, it 
was not possible to make nearly the number of measurements originally 
planned. When it was necessary to leave the wind tunnel, the following 
information had been obtained: 

a.) At zero angle of attack: 

1. Total head profiles at 23 stations 

(11 on the suction side and 12 on the pressure side, 
at a Reynolds Number of 3*67 x 10^) 

2. Total head profiles at 12 stations 

(6 on the suction side and 6 on pressure side, 
at a Reynolds Number of x 10^) 
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3. Wake surveys of total and static pressures at both 
Reynolds Numbers 

U. Static pressures at the surface of the foil for both 
Reynolds Numbers. 

5. Rough ideas of the location of transition from laminar 
to turbulent flow using lampblack traces. 

b. ) At +2° angle of attack 

1. Same os number (1.) above 

2. Wake survey at a Reynolds Number of 3.67 x 10^ 

3. Static pressure at the surface for Reynolds Number 
of 3.67 x 10 6 . 

c. ) At and -U° angle of attack 

1. Only total head profiles on the top surface of the 
foil at Reynolds Number of 3*67 x 10^ at 12 stations 

At zero angle of attack, surface pressures on the foil were re- 
corded every time a total pressure profile was measured. This was nec- 
essary only to determine how positioning of the rake along the chord 
affected the chord-wise pressure distribution. It was found that, with 
the rake in position on the foil, the pressure distribution was slightly 
greater in magnitude and shifted along the chord toward the trailing edge. 
But the differences between the distributions were small and the slopes 
were essentially the same, so no noticeable effects on the boundary layer 
development were expected. This practice was then discontinued since it 
was time consuming and did not produce any additional meaningful data. 

It should be noted that the effect of moving the rake along the foil was 



extremely assail and di f f«r*H*e* were noticed only between the eendltieet 
af the retee an or Urn rake off, reger-dlos* of post tier.. 

The crarfac* sialic pmiwi readings m the leading and trailing 
ed$o sections were measured using a variety of ar^asl'i prohea since only the 
top surfro* tap on ‘.He trailing edge wm airtight, A aaift.il 0*03? 8,U, 
tuba, with sa 81 g«s« bole drilled into its surface va« »Jc»lf ««d in each 
a v«jr that it vault! have the mm curvature »e the leading edge, *«4 its 
orifice would ho in the e«*w- position *« the proposed surface tap. It 
vac placed on the leading edge and fastened t» the surface with tape, 
8efo.re using it, 'the nrcbe was placed an the ««*» efcor&erie* Uw at 
several ether of the static tape and the readings ware cerapam!, Agree- 
went of the readings obtained using the two different sources was goad, 
the measured diff er ence s wens of the order of 0*025 inches of ^crises Oil, 
with a total reading af Is ,00 laches, 

A stellar tub* wm %md to obtain the static pereesuree around' the 
trailing ©d-^o* the only difference was, that probe used on the 
trailing edge had a SO® angle bond close to the end so that readings 
could be taken within 1,0 inch** of the trailing edge without having a 
plastic tube projecting beyond the fell, ‘Slmee reeding:* did net seer 
to he steady and reliable and *a a result, war# not exploited, This was 
unfortunate, since after pletting the resulting pmsmm coefficients, 
the ones obtained with this probe showed t* fair in nicely with other 
data, *?era itiformtlm about the tswl&ng edge static paeeeuras would 
have helloed ssak* s were intelligent explanation of the observed boundary 
layer deeelefewmt in this regie** 
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A brief rev!®* of Vmt overall proe«d«r« i * as follows t 
l* Tost the system for teaks* 

?. Position tha rake adjacent to a static top* 

3 . the wind teaonrl and obtain the desired spevd* 

h, head th® inclined when steady* 

*»# HtwKS Indirect reading; mr^mUtv Ter he rna e! velocity upstream* 

6» ftawt down temnel* 

T« Vmvasto end record the retire tote* heights. 

6. lepaeitiea the rales* 

9. *?«oeat till# until, top end bettor mrfeee* have been traversed 
»i the retired eagle tf attack* 

10* Change the angle of attack and reps*! itesss 1* throagjb 9. Check* 
were sssd* for leak# on the static tube* after changing the angle 
of attack beeasa# the static pressure toad* were often disturbed 
by the tehee awieging through the area cat in the «td well*. 

11* After obtaining ell the desired total wrersur# mrvoju m the 
surfacs* remove the rake end Strifttiub* expert stanchion* In- 
stall veto* earvey e^sratuo* 

15# Seed total end ate tie prmsmr* in the wake on. vertical rsmswt fratr* 

13* Rejnseltien mbs* vertically* tepsafc r*#di»*g» «r%U reasonable 
ewer*?!!® ef a region 5*0 iisahea above and below the fell is ob- 
tained* 

Uj* Ohtaih earfaee gtrwaewe m#4lms* for both aorfwree at 

retired m%1m ef attack ssing the s«rf»ee tap and probes and 



A 



Feeding the rvsr> It* on the inclined »*R»o«et«r. Theee reading* 

were taken without any tubea or other eppamtu* ©n the fell 

ewrfece. 

c. agjtbnTg p? rw« ran 
1. B^pr-^y urr» t»nTA?T u 

The previous section outline* the ge«ar»X date efcteh was ehteined 
fey the end of the experiment. The iafereatien on the. fell *t 0*0° angle 
ef attack wee Root important, .It each of the e tail mm «t? both surfaces 
{the station* coincide with the eurfece tape) there l* e series of ten 
or twelve total head neeaurener.te at v«rU«a» distance# free the surface 
of the fell* There were two static pressures available for obtaining 
the d’/ramie head In the** profile#* Om of these was read on the tap 
tube on the rake end the other mastered «t the adjaeawi surface ateti.* 
tap* After plotting the pvtmmtrm eetfficlerta alwsf the chord obtained 
fro* both the rake and the etatie tape, and not Inf that the difference 
between the coefficients wm era*!!, %% vm decided to see the reading 
oo the rake etatlo tube for boundary layer celculatlons. The foil ha* 

•uch low- eurratur* that, it l# deafetful that any appreciable pressure drop 

aereae t!s* boundary layer dp/dr * 1* to be expected except right on 

the leading edge, end no attempt waa «®ad« t* obtain total heed s«ee«ure- 

wente very close to the nose of the fell* In D en o ting the dymwsio 

heads in the he« mtfery layer then, a etwatani local h static wa* #ab» 

tree ted fro** the ee eee re d total preaeorei te(djrwMale) • h total - h(et»t local). 

To ieeure that the top prebe# of live boaodwy layer rake were in- 
dead out of the layer, that total heed MNMiored at the tejawwi total head 
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FIG. 11 

CARBON BLACK TRANSITION TESTS 









tube on the r*k« was compared with the total head of the a trees* upairaww* 
of the foil Recti on. ThSt w«» *ece«j>Xi»h«<i by converting the dytMss&o 
head wpatre&r* of the foil (Measured on the vortical indirect reeding turn- 
onto ter) to the aam scale no the inclined ,«in«a»t*r. First the lmlin~ 
at ion matt be considered end then of c suras tbs di f f eretwse in specific 

gravities «t follows s ~ 

epg* of fluid in imi. reiftd. R&n* 1 

h(ind) x ,.... ..... x — ,.h— • h( inclined) 

#i>3j. of fluid in iwcl. non* 'tin (Q( Inc) 

Sow with both upstreau dynamic heed end locei total heed In the earn 
weaatarecsent system* the upatracs static heed rend on the inclined eam- 
o»ot«r wea subtracted free upstresa djnftsei e heed* if the total pres sure 
tubes in the top section of the »«k« ere out of the shear l®ycr and in 
*. region of essentially potential flew* then frm %*iM»lli, I! total * C 
the* the two readings raaat be tJho o«w»* In this experinent the agrree- 
nwmt between the total pressures was eseelljr c-uite good* ftfferenoes of 
e few hundredths of en inch as read on the Inclined manors ter were soot 



frequently secomHLiared* The swsci'ssa* dlee.freeeent wee 0*15 inehe* on the 
inclined wanoweter* ted this mms&* to an «~r»r of shout one percent 
In the ratio of h dynamic (boundary layer) to h dyneedc (potential)* 



After all ef the total pressure reading* had been corrected for ws» 



oseter terse, ate., they were compared with the potential flow dynamic 

head as follows t 

(2) 

h dynamic (h*t«) hy total «* Patet (local) 



h dynamic (Petenti*!) H * fbrfcst (local) 



vA was then e«m , «.ted by taking the a^s are root of this rails* 



vA * 



by talal 



ffttftt (local) 




( 3 ) 
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After this saleulstlsn 1 * carried out for each total pm»«r ure tub* 
reeding serose the boundary layer, it is possible to plot the non- 
disansiensl bounder 7 layer velocities against distance y. Tbl» v*» 
accomplished for all of the statlne* cws the i*t> and botls* aurfi**® of 
the fail at 0 * 0 ® and > 2 . 0 * angle af attack. 

In ardor to proceed further Into the numerical aaalyete af the 
boundary layer, » limit for vA asset be defined which will fee, far the 
purpose ef ealeuiatioB, the eater «4©» o? the boundary layer. 0.992 has 
bean chosen * Thl# figure la usually applied to th* laminar bsiasdasy 
layer where « clear boundary between the viscous end invtecU flow does 
not exist, spending m ro«$8i«***, hswwvar, the turbelent layer sey 
have a reasonably distinct beaiuSary. ienethaleaa, the figure 0.992 for 
vA vas used m m outer limit for both turbulent end lasdner layer* 
for »o other reason than to etMdferdt** th* limits of Ua# grephieel 
integration of the velocity profiles. 

rhinos the primary purpose of the experiment we* to determine the 
effect of th* botmderr layer on the pressure lending of the foil, a 
quantity Must be attained free tin* velocity distribution 'In the sheer 
layer wbieh representa the distance the potential flow streemliisee are 
displaced In *»«vt«g around 1 * the law velocity region, if the bswedery 
layer. It has been stated earlier that this entity Is called # and 
is defined as (Jj) 

• Cl * yA») dy. 

V* call the boundary layer thickness, th* region in which vA la less 
than 0.992* V* then defies 8 «» •awal to the helrfct which when 



subtracted from the actual height of the layer, results in a height 
which if multiplied by the free stream velocity gives the same flow 



per unit width aa the boundary .layer permits. 

r s 

V(s- j>) * l v dy 



«V«* - -VS* 1 v dy 



V? - (V - v) dy 



{•>) 

( 6 ) 

( 7 ) 



Giving; : s 

& • J (1 - vA) dy (h) 

To obtain s ' , the velocity profiles were plotted to a 1 org® scale on 
slseets of piillicseter cross section paper. The height acale was twenty 
time the actual height of the boundary layer and the scale for vA r was 
spread out over a twenty inch abcisaa. The resulting profiles were then 
B»eh«nic*lly integrated using a planieeter to ©btela-b** 

The series of total pressure heads and static readings obtained in 
the wake survey were treated in a similar manner, and a value for 6 was 
obtained for the regions of the wa fee either side of * canter line extending 
back from the center of the trailing edge para.ll 1 to the tunnel fleer* 

The values of 6* along the chord of the foil aid at the point in the wake, 
x/o * 1.023, were plotted versus cord-wit© die tame /card length. 

The behavior of tho boundary layer at the trailing edge was not 
determined experimentally due to limitations in the measuring devices 
and is not entirely known but fudging from the pros sure gradient raeaaured 
in that region, it auat continue to prow rapidly to the trailing edge 






Km? then full as the flaw around the trailing sd/’e causes the pressure 
to drop# Th « wako point l»di cates that sane discontinuity odists in 
the slope of the ' v<*mw x/ehord curve at the trailing *4 '«« With this 
in wind the curve v&a extrapolated back to the trailing edge, and 
values for v*re obtained free the plots at point# an the abciasn cor- 
responding to the retired ordinate# of the srcmpater progress for the 
potential flew calculation* be?* (8) # 

th# actual ehap# of the foil was obtained using * clay isfeprewwion 
and the dissension# were Hated at the "required ordinate** The &is~ 
pl&eeneat thicks*## value# were then added to the 4 limn® lows of the foil 
end an Intermediate fern determined* The foil dimensions by definition, 
ere sy«ra»trleal about th# nose tail line at the trailing edge* Th# 
boundary layer however. Is not, and after adjusting the shape of i he foil 
by n wo have e foil which .1# stt ey wa ie trleel about the original nose tell 
line* The vm center of the trailing: edge vat then datesrsei m4 and the 
new «o#a-ltll line defined* The end of the n##*~tall line now paeaes 
through a. point whose relative diets**#© to the original center of the 
leading «dge is given fey 

# # 

top » baits* m 

a * i — ■-■ ■ ■ " «■■-■■• ■' ■ — - » - ■■■ ■ — 

? 

the angle of attack used to enter the Mtetrital eenformi pro~ 

g*** must be adjusted eoserftingly* Or* additional oesreetioa is ««»- 
asaarjr* The nose-tail Hue, once shifted da# to the vmuyaKetrieal 
trailing: edge thickness, ahenges th© value of the erdlttate® one# again, 
so all of the diwettalone wist be corrected by 

y * x tan d ($>) 



- 10 - 



y * * */e * x/c • c» »/« 

y » « x/e 



< 10 ) 



Vhothcr y la to he added op subtree ted fro» the ©rdimiteo doperd*, 
of cwm, on which ordinates we ere altering *nd the sign of the 
enguler change • The ardinetee of this thrice corrected fail and 
corrected angle of attack -w> then entered a* inputs to r maertosl 
canfarwal earnplng prognm, ($ef* 0 ), for the solution of flee around 
orbitrsry profiles* Use output of this prosrex is primarily the chard- 
wise pressure distribution af the fall in question* The remit* of 
this pro^rsB? were to he compared with the pressor® <M sirile*ticm stained 
In the e jq wr l eenfc* 

2. CAttreurnE or res **m?vem cop&rtmfyra 

Path the stall© pressure st the head af the test section md the 
static pressures sceeed by the top tutu* on the Vs w w hury layer r*5e* and 
the surface tape wen® measured &« the Inclined wwseeter* The ee«|»t- 
tetie* of the urea sure coefficient?? m9 ^ fl * w * natter ef 

apply! «& the ©errectimi fee e oaptwee be far the tilt of the seen on® ter 
table not in the oione of imllmtim end mibirnct h atatie at the heed 
atf the tunnel from the local static heed **» cured with the r»ko ar the 
taps* The dynsasl© Heed slseerwed on the Indirect reading wimaweter was 
again converted to the seme seal# »■« the inclined we»o«®i#r end the 
resulting quantity 



O.&0& l 



<1) 



h (inclined.) * 




h{ indirect) 



H( Inclined) * 1*?1 h( indirect) 
is divided Into the static Heed dtffs s*eeee« 
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h stai • h etet 

local tipalrwaai ( IX ) 

— — * e 

3.93 fc( indirect) 

The only slight difficulty which wise#, Is when the pressure coef- 
ficients ®r» calculated fro® the eeses ro es n ie taken on the rak* static 
probe, taoh noaeureraert l» »ed« at slightly different turwcl speed 
end sc each calculation Involve* different dynamic and static pressures. 
The pressure coefficient* fell into flee cetegeeleet 

(a.) These detcmliWKi fr« surface static tap reading* with 
no epperetue on the fell. 

(h. ) Those dstamlned free the toy probe on the boundary 
layer rake with the rake sn the fell, of course. 

(c.) Those determined from eorfaee static tap reading with 
the rake on the fell. 

(d.) Those determined by th© potential flow calculation around 
the real body. 

{«.} These AriMpstlMfe by the potential flaw calculation erased 
the corrected fell* 

ill five were plotted a* a function of chord-vise distance/ chord 
length, to obtain an Idea of the error caused by the presence of the 
rake, end to determine the agresssmt of the theory with esperiaseni. 
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A, RISSU1T3 0? T?K ft.*?KPWr UT-Tl A, , PffiWflffS 

The result# of the tot* I pressure survey* wede 9 long' the chord ere 
shown In figures 10 *nd 11. The displacement thickness 1* plotted e.s 
a function of dietanee/chord length. The figures show the effects of 
the pres sure gradients slong the chord on the development «f the 
boundary layer. The actual computed values of boundary layer thick- 
ness and dieplscwsent thieknees ere tabulated in Tables Ilf end IV. 

In addition the velocity profiles at each chord-wise station m listed 
in Table VI. The plots of velocity distribution versus y/ sre shewn 
in figures 12 threw gh 17. The original plots of vA versus y were done 
on h» 3 « sheets of paper and have net been Included in this report. 

The displacement thickness in the wake 1.3$ inches la back of the 
trailing edge was determined by a survey of wake total proa suren. The 
wake surveys are tabulated in Table V and shown graphically in figures 
18 and 19. 

The boundary layer surveys indicate an extremely rapid thickening 
of the boundary layer In the presence of adverse pressure gradieei* 
toward the trailing edge. This way be seen <cgult« clearly by observing 
both the measured pressure distribution in figure 20 ®nd the curve of 
versus x/c> figure 10* Although this la for e swains! angle of attack 
of 0.0° tbs location ©f the stagnation point is indicated In figure 20 
es being on Use upper surface which belies an effective negative angle 
of attack. In figures 11 and 2h, the correlation between pressure 
distribution and boundary layer d«vclop«emt "any also h* noted. 
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Again referring to figure 10, what ppoaro to bo transition rvcrura 
«> w »i ter» between x/c • 0,$ and 0*6, •l/ur* 1? displaying the velocity 
distribution a* various chord-wleKs points shows else * noticeable change 
in the shape of th* velocity profile betwaars these ehord-i'ifte points. 

A distinct rise In surface prwss ore »*y elec be observed In figure ?•!, 
at this point. Actually this behavior d<x*# not ree3.lv firmly indicate 
transition end other possibilities for what my be oec-irin^ here »?lll 
be disee s>o«d later. ^he min point to observe in the bo»jand*ry layer 
growth at newsies 1 aero «v?le of attack is the fact- that the betoevior of 
the bounds ry layer along with the pressure distribution curve sheer the 
foil to be at see® negative angle of attack. Notice that rapid boundary 
layer growth c ow w ew eee Iweedietely on the forward portion of the Pottos* 
surface snd howr retarded lamincr flew exists «a the top surface up until 
th® aforewNMitioMKi point of suspected transition. Ctnrtoualy the stag- 
ration point Is on the upper surface of the wing end the low pressure 
region caused by the corner flow around the nose cause* Ihe boundary 
layer on the bet tan to separate leeedlately and reattach in turbulent 
regia*. On the top surface the large negative pressure gradient at 
the leading e&^e, as way b# aeon In figure ?0, lanlrarlxss tie flow in 
the region | thus retarding it® -rswtfc, 

At an angle of attack of 2,0* the top surfaee growth is quite rapid 
and observing the velocity profiles la fi,p»re» 16 and 1?, we see that 
»o distinct changes in shape occur* The pressure gradient on the top 
surface at 2° eagle of attack la adverse all the way fro* x/c • 0.10 
'hence, the boundary layer and corresponding dlsplacsMant thickness cj’o 
quite large at the trailing edge • 



The woke survey* shown in figures la '.wd 19 show nothing; of pcrtie- 
al#r note. They wens token only to s&t&in * ‘‘Igor* for diojilocneeftt 
tMetoeoa *# clooo to the tpotlliig edge «« iwmlbU* The points plotted 
on figure* 10 end XI, «r» not a particular «td In predie stftf trailing 
edge behavior since It hua boon expcrlnontally osbablislscd by 
end Sweeting (“of. 12), that ' «ad /» suffer a slope discontinuity 
at the trailing ©dg©. This con be observed {with leeglnoVLost) in this 
oxjMiyiMmt if we ebeerve the pressure predion ts and the trend of the 
boundary layer growth end extrapolate to the trailing cd?*©, then pro- 
ceed free this paint to the wake point directly. This hoa been dam 
with dotted lime In the .figures* 

8* agsuart op mtastm cssrrsgmr "nstgngrwm 

The pressure distribution curves have been mntlmmd in the previous 
section as m aid in visualising whet wee happening to the boundary layer* 
In this reepeet they appear reasonable. The woosared gradients seem to 
ogrse with other eoesureri cherecterlatire of tbs experiment. '^sswwcr, 

&s aay be neon upon coffering the measured pr eaters distribution {figa* 

20# ?3# and 2h), with the potential flow distrihatlmie efeteined trar 
?• Brochette ceaspator pasgfwt C^«f. $)» (Hgs. 22 end 25), op^eeneat 
here ie poor. 

The pressure distribution on the unaltered fall section m pre- 
dietod by potential flow eiuwe# for the nmlnal 2° angle Of attack# a 
lift coefficient of OjJT&fc. 

The foil corrected for dlsplmmmt thickness end with the resulting 
angle »f attack ehenge (effective angle of attack * 1.9569°) predicts a 



or 



lift coefficient of *t>e pressor© distribution when 

mchanSeally integrities ramilie In a lift coeffici*^ of 3* } 35 • Thte 
would eorreepnod to en «Yle of attack of air nit 1.15 At to l* 

angle of attack the pressure distribution was plotted on figure 2£* 

‘ ! ’ 1 b« points were also displayed in figure ?lj for cwawtaois. feasowsble 
aereeswrt can be sews right up to within x/e ** 0#9?? for W» top surface* 
it this point tho influence of ?’:« corn*? m the squum trail lr® 
cause* the potential calcalstton to predict wry to* pressures* fine® 
no data was obtained for tfcis region, no adequate comparison can ho asade* 
The tattoo surface tints however, a/tmae vlth the predicted pressure *&*- 
tritatim only in jjomrsl trend op to within a few percent to the troll in?; 
edge* *ta mgniiude Is greater hy 10Qd* 

the rosalto of ita potential flaw c&lcolat 4 ossa ar'^and the body 
corrected by dlapt*c<rwmt thietases and with ««gl* of stteck adjusted 
by the iiiUn of the ratio of displacomjt tVetaes* difference to chord 
length at the trailing •£*•, ajjreee with tm potential theory for tbs 
aid chord eroa bet, si tbs leading ©d&e the iwasli angle ef attack change 
ataw* up and at the trailing ©rt?e tbs i v - Icfeseae of forte taewaws appareat 
and the corrected foil pressure* In live region of x/e * 0*75 to x/e * 1*00 
flatten sat and them fall rapidly at tit® trailing «<%« due to the «eetl» 
lermtiag flew* 

H a?>p*sOTi then that them am tfcma rrorcea *f dieagrwsswBii* First, 
the pressure «ti»tr*itatlm as predicted by potential theory doe* not agree 
well with the sa^rtaental data* '-eeead, the pr* vaurt «Ustritatina 
around the eermeied few* #am not acme with the esper t we et a l data* 



Third, the pressure distribution the corrected p snt rwt only 

dees not f^rce lAtU the potential theory but it predicts a eerrcctl m 
which although ia the 1 Office! result of the input U Just the opposite 
of ih* r««uH which la »o**ght. 

Figure <$S splays the pressure distribution sr an4 the foil at a 
Ssynolds hashes* of Jf*L5 x 10^* Considering the scale of the plot. It 
egrsee well with the mtmnrmmrti a obtained *% ess * )»67 % vf\ Then# 
was soma slight ciyrage in the boundary layer t*fc#rior (Fig* 18) at th* 
two Seynoldo hwMkMH*« but nothing which would *«««««* siiinifieeRt dif- 
ference in the pressure distribution eaeepi perbepo due to mmesmt of 
iho tress it Ion points, 
r„ nryiCEi of cfttagprsp yy.m 

Table il lists the original dimension of the foil which was tested. 
It Is not a Wit M with a 1,0 s»»fi lino mr th»» I* ham the arigi n«.l ly 
desired: thickness ratio of 0,033, ft in iMmer »nd br« »ere c&sher. 
Table T? files lists the displacement tbielenees at the repaired ordinate* 
of lef, 8 and, the correction t» th» offsets for adjusted ar^l® of attack 
»nd finally the completely corrected foil dlwea*l«Rs for 0,0® and 3,G» 
angle of attack* The#* form were used as Insets to the coe^utsr proems 
«ml the resell* of these e«srait»tiswu» haw* bee© outlined in the previous 
section, The potential f Xm results for both the estreated and uoear- 
rested foils bass been plotted in flares 19 aaaS ?$• #otlw? the l«m© 
iHesgreesent, an etteepk was wads to fissd the aj&ele of Attack for which 
the esperiseeis.'l foil was tested, The computer results mm obtained 
f»r a ranf* of sr^ls fro* to +?»0° st sassll intervals* At angles 
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fcr which the lift eeeffleie*'! d» i# theory a.Tf'Cd with ♦.’sat of expert- 
seent# ihs resulting pnwww distrJbuil'5© was plotted. ' t rssrsdasl 
(Wiglo of sttKCfc, mitaooftbl# asprecramt *»« -ft its© between eeaHrorsd and 
oelcolftisd p«MMwr» di* trtbati so for the top surface at 1*20° but the 
bottom surface vi* eansidsT’efely off* At 0*0° naretsal an?le of attack# 
the jtregra* outpitt « greed arw?e«h*t. with *h» top surface data at #n 
«»gl« of attack of -0*3.0®# end here the bolt## surface d&t* dl#*<*reed 
In sBnytitede. Ta fact the experiment rare «r#TX negstW# pressure e»~ 
effielani* where theory fre&lcfcad c*mXl positive wes as a**y be- »«$ an 
coapartai? flfw* ?0 and 27* 

The rss.il is of the seeawmasante of the preasere dlatrtbutl an with 
the r«3t» on the surface la shown its figure 91* Conperiaon of this 
fppapb with fipsm 20 indicates little dtiffersns# ta the distribution 
obtained wt th the ri»ke a* and off the surface, 

X). ^ 

Two ^oto#r#tphs deleting tbs as* of <?*rbon bl*«fc o» the foil soar* 
fee# fit* shorn In figure 9* VawaHy carbon black and oil l« used to 
predict separation. S-swever# sins© the strwefcam of tisrbulent flew la 
C^ite different fro# that of 1 mimr, the aatbor fell that sea* insist 
■fsirhi be gained into the location of transition ** wall as separation, 
if by using auben blank. At aero mtupM of attack end Hoynold* 

g 

Sua&sr * 3.<$? * X0 J the flow of the ewrtwn black flow peiter changed 

completely between stall -.saw T md -8 whlsh carmspewd roughly to 

*/• “ 0.< and 0.6. 0» the bellow mrfec* the sum behevier was observed 
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bo tv • on stations 3 a*^ k* "Igur* 93 Bhws tbit '‘‘•cbsv ’ 1 5 * 52*» cwrhrvn 

blac& at «n lacidanoa «f 2*0^ *tn4 Inrlleat#* transit n m&t niatitm 
four* Thors la no roinforeawiat of tM* bahr’riw in tHo plot of 
for 2° as shown in ftfuro 5.1* 
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A, QtyEAL 

A brief rerlae? of the e^pwlsaestal res . Its i« In order nt tble 

pai.nl, 

first, the foil is obYlowsly not at the ar^le of alleeV w^rsd 
In the wind tomel* .*««© ro<*&h comparison with the date for eoes* fifty 
odd aaglea of attack gotten free potential theory, ' ndteate that the 
foil mg he below the sMaumrad angles of attack anywhere free 0,1 to 
0*0 decrees* The aecewNai foaMMMpe distributions A o.? nottlnal sera and 
2*0° anglao of attack prarieee lift coefficient* e? 0*115 nnd 0*33!$ re- 
spectively* loth of these floras am wall below those predieted by the 
potential theory calculation# j 0 . 26 B and 0*Mi< fey 0*0* and S*0*’ re- 
spectively* The raise* frost theory van obtained by aeehaniceliy into* 
grating the pressure dlotriitiiiom obtained .frees the p r og r a** output* 

The C*i listed by the pre^ew* depends upon « given Ideal angle of attack 
end lift slope* tiaee these values were not mailable exactly foe the 
foil used in the expertaent, it was meeseary to check the progrs* 
result* in this mnntsr, 

$mog*ftpg arm when pressure distribution* obtained ?r» the pro- 
grass at eagle* of attack, which gave the sane lift m eatjser iwectsl date 
predicted were eoepsred with the data* the pressure distribution* did 
not agree particularly well, tn addition, etteepte were «ade to .find 
angles of attack for which pm&mm distributions m one of the mrfucm 
agreed with theory, and then caapere the preset, re distribution on the 
other surface as well es the lift coefficient* tW *** *®S3* etteek 



of 1.2 8 the top surface date agree* reasonably with * ha ea«f«£ted ^M- 
«u*e distribution vhereae the «tOM M vW. bottom surface pressures &m 
mch. hi ghcar then V«.v,« for the experifwni, f*w trend, of tfes cs^mtedl 
pressures .is how»v*r, eeeent tally the »mw but the lift coefficient 1* 
.slightly higher* 

After unsiiccesofully attacking te enm w with «» suable of attach 
At which the potential flaw celeulstlena reeea^l&S the experiaantel re- 
sults, it w«* decided ta figure what experimental error waa responsible 
for the idiSMtohlng. The first ttrw&it v«e that, perhaps the sign »? 
the static head on the inclined '®*mm*%**? swqr hewe been reed but. 

Since far exiraple, on Um» readies at sera angle of attack; for the 
bott-o-a, the At* tic pressure wee as close to s^ns on the a^w-swetwr board 
that » difference In eign would hat ask® ussy difference (at. west o.db*)* 
if the pi let-static tube et the hoed of the tunnel wave in 
error, esy, ten percent, then tito reediet# afeteined with it «$ a ref- 
erence would be seriously in ©rrer, this t# true staee both Petatso 
end e|<?> are obtained free* this iieeiruneot* This ear# b# illustrated by 
the gteeverios that total press war* is known separately and that Use static 
tape are perfect, If e pressure coer.fi* lsrt of 0,1 w«r« being seeauned 
and 

h slat * H aria l m 

* 0,1 

$ao 

If is around 12, as in this ea^eriisent, then h atst - te »t»te> " l*?" 
Then suppose the pilot static tube was in error b/ 10" or !•$*, If b 
total it knew, end it wesslly it l*w*» <»**■*• accurately, then p aUtts 



sksngss ty 1,2^, hhcrefrare fop this class* to shs aero c change 

of 1*2* tf in the right direction could dasbls ths pressure coefficient 
and change its sign* in g»mr sl t the affect of not iorjavtau dyruisic 
prsasure exactly can change tfee «eele of tint pressure distribution scale 
ss well as shifting the axis beeawss it is qm and h slat so that wo are 
uncertain of in. this equation 

h - fc atatm 

Q0O 

Has static prsesurs readirgo wars not taken at ths mm t im m 
both mrf&em which adds to the difficulty of putting & finger on the 
problem* The hotter surface readings wore taken toward the end of the 
experts^! and the pi let-static tabs and its associated, limes and 
aMutanelsrs s®y well hav# < M >ss iopsd an error between tbs mftserejsersts of 
the two distributions* ^sssvar, the data for the top surface at 2° 
nominal aegis of attack was obtained in between better surface resdiags 
for aero and 2*0° angles of attack and bath t,&<> surface eeasurements 
appear to bs reasonable* 

If m rule out the possibility ttoat the static tubs ami sq^ipnsefc 
ware in error titers remain only © few esse reasons far the difficulty 
snd these hare to do with tbs offsets of the walls and celling end the 
possibility of a vertical dynamic >«?«d variation* Tits pitot tuba um 
wmmUtA in the upsw section of the turns! about two feet fron the 
overhead* The height of the tarml is ft?$r»ximt«ly ?| feet and the 
foil was amounted about ,l| feet fro* the floor* 

Slsuart (Hof. ?), bus obtained carreettans to the effective angle 
of ftttssk of « two dlMimlwes! fail, in e ©loss** .let* This was 



“iii?— 

Rccorepliahod by replacing tho floor anti ot«?<mhwS by eir foil laegtMi and 
continuing until an Inf 1 nit* eaecssd* waa produced. "h« results &r« as 

follows t y 

X 2 C 2 

«• (Cl* * I'-V Xhxm) (12) 

2 18 h 

and 

2 r * 

Ci * Cj* l* — - (13) 

18 b 

*d*&ro da* (|) la tfeo nmmnX about tho t£u?*t*r chord wfo#r* C/h is tbo 
ratio of chord length to tiwrwl height* In tliia axpwlaant it w&* 
a^aal to 0.6*67 • 

Ci* l# tha .woaaurcd lift in tbo tunnol. 

€j - 0.9066 Ci*. 

At nominal value# of sag Xus of attack of 0*0® and 2.0® t&o tru« lift 
eotffieient vm Umn 0*1312 and 0.306 j*»»p«ct4v#ly. 

Css* (|) «u fra* th® mmmrm-ti preammi distribottcma &» 

0.0361 at taro d«gr««s «n«f 0.00 for 2.0®. With them vel «*#, fcba 
correction to angle of attack bocoma : 

(X * o.Ut® 

(®.o») 

(X * 0.31® . 

(f.CP) 

Clearly, tbew eorr«ctio«a p-Tn not sufficient to acooant for fh® poor 

data. 

If th«r*s existed « vortical dynamic head variation in the tunnal. 



duo to poor doalgn of tfc* contraction nossla. then havla® th® pltot«static 
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tubs in Um upper section of !h* test section w^uld he dtsestroas arid 
p sfcataa wjald, of e^ur*®, bo ©orrset. for the wps-r emrf*n« sad in «rror 
in the lower section# It wm however, nscess’Ty to nlsce the pitot 
tab# i» that port! <nt of th* tamssl to prevent its esefcs frost impinging 
on the surface of the foil, *h« sy>-}dmM» error snccarjtsred, according 
to Pool* ("bsf# 10), is J? to Jt of the dymestie hoed! ami th* rollon of 
error is usually confined to * short tits testes few# the floor at th® 
snbram*# 

Use possibility of a iktosowo gr*r*l«r..i **!#tlmg Isnjftfe-wiss down 
th* twnnol sect l an exists bwt pwseswitons war** latasm to rsmovts this 
effect, the wells were toad oat# According to ^ef# (10), this of foot 
«**s also be eswwtf by the presence of the body itself but is restricted 
however, to bodies stash as fasslsgs* end nacelles end la negligible for 
noracl wings, by infermns* th can, the effect swat %* seen wore m^ligible 
for such • thin section *•» the on* tested In this experiment* 

I simple calculation Just to th# contract ton effect of 

the fail on the jet entering th# test ssstism 

f% h 7 (It) 

**» « «*> 

*1 

where Vj Is the velocity at the pitot tub# and ¥j is th# velocity, in 
InssMyssssibi* flow, in the vicinity of the foil# this region Is 
modeled by * section of arms decreased by th# cross mvlimml ®*m# of 
the fstl# So, ij is the test section sres *t the pitot bubs and Ag i® 
th® effect! vs flow »r«© In the region of the foil# 
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Thus, the correction to the proeoure aoeff&ciente 1# t»o erderc of 
*M£Ctlt«£l* lees then tfes «ew»wieMl or«ee «l»6 m#a4 not he ©«i9ider**i » 

To sraeewsrise the prerwseding expXcmtlOR* there eclats an ©mar In 
etekio pressure roedlsige of eafficieist waga.lt .«•* that only the wiaeeu# 
effects on ti» fra4t«wt« of the be diamsssad, The ex- 

pertMnt v»a ceraidermbly wore delicate than the author comeivod end 
fwfth greeter control end enlitwetlon then wee exoarlsed i« mceswury to 
wake an Intel liglent correction t® this discrepancy* 
fj, try^nAgy tjiTSR twangs 

Th© data stained for the houndnry layer profile® is foed and 
agree* with what one would espr-et in the presence of the weeeered 

pressor® gradients, 

The profile# indicate that the flow i* twfccleni *1 ««k the surf#®# 
of the foil except for the lap s^rfas* of the section tested at s rsmltml 
«r»gl# of attack of 0*0^* fere, at station 1, the shape feeler i* 2*290 
which eorretponda to * lA?sln*,r boondery l«y»r which ie fairly eWole* 
Station 1, on the top «vwf«c» ia, eoeerdlng *° figwe 20, in a region 
of intense eeceXereti**# Th® shape factor h*e dfecrooeod to akaufc 1*5? 



m we approach station 6, which omaw to indicate that tro.nisl.tl9n to 
turbulent How to* secured, however , H drops sharply totweee station 6 
end 7 end by station ?<* has begun to rise rapidly a* flow war® Use 
trailing odjE®* At station It, *? baa re*dMBd the vela* of 2*13* This 
type of totovler it shown in tof* (11) by Von toenhoff end Telrwin, In 
tiwlr «3f:pcriws»r<t« with sir fall sections* The trend of which I *pc*k 
t» the high value of H at the l@sd.ing ed$», decreasing «xkS then rising 
in turbulent flow* 

This iefermiton then r e t worw e the certainty that whet we see 
between station ? and 9 on the i©j> surface is truly twmaltlon* ytole, 
tef* 10, Indicates that transit ten pen to rated by taking. pre»p&r«s 
eeaeuresHint* a short distance free the eurfeee ««i d noting that e dip in 
the pressure envelope will indie* te transition* The reko static lube 
provided this type of weasaremni end there certainly is » dip in the 
Cp curve at thie point* Ummmt, * shape factor which is cheractorietio 
of e turbulent boundary layer toe been restored ahead of IMe point* 

The era* of this discussion »f the bowndety layer profiles is that 
the wsaewr ew e rrt* appear to to in «>*p»smsl with ttowy end tto value 
for * end 6 can certainly be need (if the tmmlt procedure i» correct) 
to adjust the stops of to body# 

Tt also ray to dttmd that the relative leeetisn of the transition 
point art tto top end toiiea sgoMTaees of the foil will toto « distinct 
diffe r e nc e in the nature of the appearance of the adjusted trailing 
edge* tore roa$£*»ees effect* can be iepertent* to at tempt was *wb« 3* 
to atlas: late tuvbulenee on the eotoi and the rarfeee of the fell was 



reasonably eeooife el eng Its forward porttoee wo bbr.t the extensive 
length of the region of limtner bae a d e ry layer prwih on itte forward 
section 1* not particularly wurreleiaij* 

t% s6arain*tion of this data lends us to the carelsslon that at 

stive angles of attack, the boundary layer growth on the upper swarf see 

# 

vl 1.1 be retarded, «wd the larger which would occur at the bet-tow of 
the trailing edg© would effectively tnercwsi© the angle of attack* £!»• 
regard log khiefcnee* effects, this would tend to increase the lift* The 
reverse is true for positive angle* of attack where the gradients on 
the uppor surfseo wjr be etronfiy 1 adverse* the positive angle of sit sole 
also results in strong comer flow at this leading edge ehteh causes «n 
intense low pressure region which could well induce terhslenc* all along 
the upper surface* 

Roughness of the foil surface, if its w hydr*uiie* dSLeeeter is 
•uffieiantly large, awy influence the behavior of the turbulent layer 
as well as the transition point* 

<?, rigniasiog oy HffiCTrmi, n/&i -"ms nig cq**>3er3i> y-nrg 

As ramUoned In sects cm Til, the plots of the ewperSaasmtei date do 
not agree with potential flow about Use umltered bod^r, let alone with 
the fen* corroctwl for ** ?l*erefene it ia possible only to sack© coal- 
slatlve reworks on the write of the proposed swsthod for obtaining lift 
alterations €'im to vieeooltgr* 

In figure# ?1 end ?f, we tewsw that the w&gnttad# of the bottom 
surface data Is different than the theoretical result©, however. It 
should he not-sd that there is & hu*»sp batvoan x/c » *k $»d ,6 In the 



experiments! pres aur# earn* Tn figure ?? wo c*» ae© the »a*» hunp 
only t« the corrected far* curve. at the rear part of the foil It 
J.«t extremely difficult to see which of the potential theory curve# 
has tij© sruss slope and behavior sfe th® trolling a^fo as the 4s tit. 

The potent! el flow result# for the uncorrected foil acetic* shoe 
higher veto* of elope at the irsillry. edge. thin 1st to he expected 
especially when the preesur# gradient# are strongly #<!v*»r#e* The bound* 
ary layer grows rapidly or,' tbs surface i» question and when the result- 
ing ie added to the fell *» opposing correction respite. An exsnplo 
wilt Illustrate the point? neisg the eyatee of correction# devised in 
this report, Given « t»<wl leers l mia. 1 foil section at a high angle of 
atteck but with no soperalien* the boundsiy lay«r rm*mrmS. on the 
top surface will be quite Ixrg* end the angle of attack will be ef- 
fectively decreased. The tfciclseninf of the after sect* on of the foil 
tad the resulting inerea.se in tlm sceeXerotlsa as well &s the decreased 
angle ©f attack will contribute to reduce the strong *4v«r#s gradient* 
Thns, potential theory aSbeat this corrected for* sett predict lower 
adverse gradients than the flow around the orwhanred body* For nega- 
tive *»2le* of attach, tb# 'lower surface will have the edvorso grad l - 

a 

eats as the trailing edge Is s^praached.. will coneeeuent ly be 
greater there end tbs effective angle ef attack will be increased end 
the coc&ined effects of added thickness and angle of stteefc will cause 
a decrease in the adverse pro# sure gradient. 

All of the plots of potential theory soluticn# for the corrected 
ferae shew a rapid pressure lose ct je/c * *9?* This has been explained 



in 9 previous action* tt is worth r.nt'n- her*, h awarccr, that this l# 
the largest alngls ehcrtcealng of ih© entire phi of the thesis* 

The flow «• described to ceajwier pra^rwi Mti * ee«®re tailed 
projectile like foil at eat angle ef attack, with tl^e reciuirweent fer 
a stagnation point in the center of the tail. The potential flow 
around this form certainly will not he the analog of Hm actual flow* 
Schneider ($*f. 3), pointed eat in hi® experiment that the diaolaeerart 
thickness of the bswdo-ry layer md mk» joined, ree o e n e b ly enifnwRly at 
the trailing edge so that « better jrecedur* vtm'14 be to eaman* that 
the foil Is extended a abort hit h? Urn w#k» agsd the dead air bubble 
which Schneider ( 3 ) observed and that it taper# to a ten? thitshimm* 
This could not be attempted. In this experiment vitfcacst better eomtign 
of the trailing edge region, time the paint of aero thickness would 
be most lexically chosen when the statin prer.ri.re variation serosa the 
wake has fallen to sane small value. 



v. ewe imvw & 

The large diaagreeeset between the meisurthd and calculated pressure 
distribution l*ad» to tha following eoneluslona# 

i’n order to obtain meaningful data the eicporirtent *suai fee pcrf cr ee d 
In 0 m\rh better instrumented and* centre! led »mer, '“ho at&teMSttt 
made wtrlltr In th» thesis to the affect that the wall eerreetiesie 
were negligible should not be taken mt of context, The calculated 
correction did not suitably adjust my 4m ta t the af 

the veil corrections In sensitive boundary Icycr, dreg, Wsd lift effect 
experiments have led to increased work with flexible tewl wells end 
ceilings to eliminate the constraints pieced on streenline curve tore by 
the jet boundarieo, Tn section W t I calculated this effect. It wa» 

10£ of the total lift at only 0,0°. free b is, f conclude that wall ef- 
fects are substantial enough to warrant rerunning the with 

the overhead and floor of the tunnel fsmsed to the sts*®* of the foil. 

The sseihod which I used to mp<>lf the * eerreetlas to the foil is 
fallacious and should be replaced with cne that does not predict ob- 
viously excessive streamline defects toward the trailing; edge, 

I noted that along the foil not in the trailing edge rcglas?* 
the results of the potential flow around the corrected form she* similar 
humps# tmi hollows as the experiNaefeal data, but the vineorrec%e4 form 
often mis sea thee, Therefore, 1 eoReXi*d« that in region# where the <Si«- 
pleeesant thickness 4a not unrealistically truncated as it vm &t the 
trailing edge, the aimmllm deflection is reasonably wail predicted 
by this theory. 



*Tsa bmsndary l*y»r results how baba* iw* wblcb would b» «xp*ei#d 



under tts* naaaurad e*H*iitt«'tw and i« not considered et> a asrurce of 



th© discrepancy between ttmtay and c-jcpsrlwont* 

design of th* foil pp«.#»wa ©main? devi. «*« near® psor as wall 
as th* ancle of attack control aat up* A gso4 daal of th* w»»©ri*ittty 
about iha nsaasrad preaawms would boetj «1 1*1 naiad h«<3 efficient 



taps been u»a<i imd warn of the* installed. Hat nsnlly terming the mgla 



of attack, nada real mm&riM-l cmspsrln- ©ns tnpacalbXa* 

ta addl&ian to tbleteass, bjsynolds %armr and c«»b*?r, th* Iwand^ry 
layer distort b«fci on on the surface ©? the foil m& indirectly tba lift 
era d aj W Kutani on foil rt^towts* and free atres*® turbulmea* ^®r tMa 
mason it is fait thot bast raaolta would b« had if tunnel turbulence 
ware radaead bjr #s , #lofing acraana jsad airaigjstnare and different 
turbulanee inception psaitit***# established nalng trip wire. ??«t m 
and fwraeiing (12f), shw «opw^ a? t-fc# ree-jlt* of work with and withmi 
tuybuleaea atlscstlatara o» the vinca they %mt ad and th* roaulta «•»** 
«piib» graphic* 1 
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VI. *.5 ’‘(fJSJTT"*} “^TT 

’'•fore attempting to eowVlnu the Uwestigetlee of viweaos effects 
uel&g the ***** apparatus# certain onrr#<fttsm« oust bo nede* 

first# t&R airfoil section should haw# the lead?. tig end trailing 
• 4 , 80 * rewwi end the key width dmtbled to avoid *3? warp tow to poor 
Joints. V&f 1© they are r«5wcd, pmsawe tens should be Installed In 
thee# **oet if^wriutt is a tap in the emtio? of the vortical beck side 
of the trailing: edge. The nose should haw sc *»sy tep# as possible, 
installed. *%er* the center lift in the foil should be e»t- down end 
mt «4 oat so there is * £ inch channel ell s.roeed the wins. Taps 
Should he installed lr» * flexible brass strip which vrll.1 ctmfom to 
the foil surface* The strip would fit into the ranter lift. *attmr 
than westetng time with the steel tubes in the foil all the t*p* could 
be l«r ought eat of two channels In the foil which could be refelred. 

The leweel should be adjusted with gome melded plywood to have 
no b o ea wiery offset* on the foil behsrter* For high angles of attack, 
this will b® absolutely twees aery. 

To obtain a meaningful swsmb of data, different ee» euring devieee 
!»UL8t be used — the boundary layer should be ttwr*sii$#led using a 
traversing probe which could be ce»t.roll«d frm outside the tunwel end 
nosed both in arid out of the boundary l»jW| and in & chard-vis# direc- 
tion. Conducting peSnt end warning limits coaid be used t© weintein 
fine position control* This trevereieg ?sech«»i*» should have rew- 
••delta* for both static end total pressure tubes and also hot wins 
snwMKwitere and * spherical tube with which to mkm detailed wake survey®. 



The ttw* constant on thLa amuld V» low* If possible, n trans- 

ducer arrange* r<nt for the total pressure surveys in con^aaertlon . 1", 
tm * • y plotter, •hcald be used* 

Tfo« static tops on the foil should xtudber no 1 am than sixty end 
they could be connected to a photo* tetie iwineoieter hank* Tbssre la one 
available at tfith these aodlfLestione* date which an really 

be analysed would he sbtoliwpd, 

This m.pe'?lr*mt provides tfce opportunity to *kltl two birds with, 
one stone* e# It wore* the work ia closely related with turbulent 
boundary layers and it provides on opportunity to obtain acre dots cm 
turbulent layers* the ability to predict the behavior of tba*e layers 
depends upon having data with which the afrit* friction or the integral 
of the skin friction way b® Found since It. la an input te the fra men 
integral approach* Therefore, it would behoove tta to obtain skin fric- 
tion data altMltaaOiaaaly and correlate it with ssmso of the b mto&srp 
layer paressetere* 
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TABLE III 



ANGLE OF ATTACK - 


0.0° 


BOTTOM SURFACE 


RE C - 3.67 x 10 6 


STATION 


x/c 


(inches) 


g*(inches) 


1 


0.00757 


0.162 


0.01215 


2 


0.117 


0.23b 


0.0315 


3 


0.1776 


0.220 


0.0330 


U 


0.2b98 


0.300 


0.0b6l 


5 


0.3280 


0.361 


0.0588 


6 


0.101*0 


0.U20 


0.0711 


7 


0.1990 


0.590 


0.083b 


8 


0.^860 


0.62b 


0.0961 


9 


0.6700 


0.720 


0.1086 


10 


0.7500 


0.758 


0.1207 


11 


0.8220 


0.820 


0.1390 


12 


0.911*0 


1.122 


0.17b2 


WAKE 


1.023 


0.910 


0.1780 



TABLE III (cont) 
TOP SURFACE 



ANQLE OF ATTACK 


- 0.0° 




RE 0 - 3.67 x 10 6 


STATION 


x/c 


g (inches) 


g # ( inches ) 


1 


0.00757 


0 . 03 U 


0 . 0089 U 


2 


0.1170 






3 


0.1776 


o.ohU 


0 . 0096 b 


U 


0.2U98 


0.065 


0.0121 


5 


0.3280 


0.091 


0 . 01 UU 5 


6 


0;U1U0 


0.190 


0.0225 


7 


0.1990 


0.216 


0 . 035 U 


8 


0.5860 


O.hhh 


0.0678 


9 


0.6700 


0.510 


0.0781 


10 


0.7500 


0.568 


0.0956 


11 


0.8220 


0.593 


0.101 


12 


0.91U0 


0.660 


o.iibo 


WAKE 


1.023 


0.790 


o.iiioo 



t Aft us rn (cofit) 

TO? Si/KfAfE 



ASOLS m ATTACK 


- 0.0° 




» 5.!;5 x lo f) 

IS 


ftTATtOIT 


x/c 


(iech*a) 




1 


0.0075? 


0.032 


0.00680 


k 


0 . 21 m 


0.160 


0.02015 


6 


o.uiiioo 


0.192 


0.02735 


a 


0.5S&00 


0.320 


O.OblTO 


10 


0.75000 


0.548 


0.087! f 0 


12 


OMOO 


0,717 


0.121)90 


vim 


1.02300 


0.810 


0.1621)0 






9SKT0K SOUMCK 




snstm 


x/c 


Cieete^#) 


) 


i 


0.0075? 


0.1U 


0.01375 


h 


0.?!i9?0 


0,299 


0.02605 


6 


0.11X00 


0.170 


0.06000 


8 


0.5MQ0 


0.570 


0.08350 


10 


0.75000 


0,7X6 


0.10950 


12 


0.91X0O 


0.970 


0.161)00 


V ASS 


1.02300 


0.850 


0.15X40 



TA.U* W 



TO? WJUFItCS 



asms or ATTACK » * 2 ° 



mxrtm 


x/c 


1 


0.0075? 


2 


0.11700 


3 


0.177*0 


L 


0.2l9§0 


5 


0.32800 


6 


Q.lilltOO 


T 


0.&W* 


9 


0.SS6OO 


9 


0.67000 


10 


0.75030 


n 


0.82200 


12 


0.911*00 


VAtX 


1.02390 



(indbm) 


»? c •* 3.6? x tO 6 
* ( Inches ) 


0.150 


0.01082 


0.175 


0,02*65 


0.731 


0.O320O 


0.300 


0.^170 


0.3$3 


0.05520 




0.06650 


0,51*8 


0.QO310 


0.592 


0*08930 


0.710 


0.113*9 


0.76.1 


9.12950 


0.«3fc 


0,11259 


0.935 


0.16760 


1.065 





UK nr imc % - 


+2* 


TA81S IV (coni) 

wwok »vf?n«s 


?a^ ; - 3.57 k 20& 


smtm 

i 


x/« 

0*00757 


( it5«jR*>a } 




i 


0.2X700 


0,170 


0.01135 






0.170 


o*aurro 


U 


0.21750 


0.170 


0.02320 


>* 


0.32500 


3.300 




*5 


0«&ti09 


r* ^ 

^#..> 4 , 4 ; 


OJ&fOQ 


1 


0.ti?W) 


0.500 


0.59500 


a 


0.58500 


0.500 


Q.O&60 


9 


0.57000 


0.599 


0.06*00 


10 


0.75000 


0.5U 


9.0JW10 


u 


q.$?3go 


0,551 


0.09960 


u 


o.moo 


0*530 


9.19V20 


mm 


2.02300 


0.S70 


o.usoo 



TABLE V 



VELOCITX PROFILE IN THE WAKE 



r GLE OF ATTACK - 0.0° 




RE C - 3.67 x 10 6 


y 


h - hst 
(Inches) 


▼A 


1.26 


2.80 


1.000 


1.11 


2.81 


1.006 


1.03 


2.80 


1.000 


1.01 


2.83 


1.030 


.86 


2.76 


0.939 


.86 


2.79 


0.998 


.82 


2.75 


0.991 


.76 


2.73 


0.987 


.61 


2.62 


0.9o7 


.61 


2.57 


0.9581 


.53 


2. UO 


0.926 


.51 


2. Mi 


0.933 


.Mi 


2.31 


0.908 


.36 


2.08 


0.862 


.36 


1.89 


0.822 


.32 


1.93 


0.8307 


.26 


1.57 


0.7)49 


.1U 


1.15 


0.661 


.11 


1.00 


0.597 


.01 


o.8U 


0.53U 


- .06 


0.96 


0.560 


- .Hi 


1.22 


0 . 66 U 


— .18 


1.32 


0.691 


- .36 


1.76 


0.797 


- .66 


2.02 


0.85U 


- .69 


2.16 


O.883 


- .53 


2.36 


0.922 


- .73 


2.68 


0.967 


- .88 


2.71 


0.989 


- .96 


2.72 


0.992 


-..98 


2.77 


1.000 


- .113 


2.78 


1 . 00 a 


- .113 


2.73 


0.990 


- .117 


2.77 


1.000 


- .123 


2.76 


0.998 



TASS* V (cent) 

rfWf TtT !W?TB IK T5SS WASH 



if) IS 07 ATTACK * 0.0® 




- 5.1:5 X 10* 


y 


h *• hM% 

( lr«ch#a ) 


v/Y 


0.90 


6.00 


1.0000 


0.81 , 


5.SS 


0.9899 


0.76 


5.01 


0.901:0 


0.5? 


S.oi 


0.9590 


0.1,6 


b.«5 


0.8800 


0.1,6 


L*.52 


0.0600 


O.Sjl 


It. 22 


0.8390 


0.2? 


3.10 


0.7190 


O.Jfc 


3.17 


0.7270 


0.17 


2.2h 


0.6100 


— O.Qta 


2.12 


0.5950 


•0.06 


2.35 


0.6260 


•0.18 


3.17 


0.7270 


-0.21 


3.1:5 


0.1500 


-0.23 


3.5? 


0.7710 


-0.28 


34:5 


0.75^0 


-0.33 


1.12 


0.6300 


-0.2*6 




0.363O 


-0.53 


It .60 


0.8830 


-o.5fe 


2* .73 


0.8100 


•0.56 


5.01 


0.9130 


-0.58 


U.93 


0.9070 


-0.68 


5>ltl 


0.9500 


-0.73 


5.53 


0.9600 


-0.73 


5.60 


0.9660 


-0.76 


5.1:6 


0.951*9 


-0*03 


5.®3 


0.986© 


-0.76 


5*92 


0.9930 


-1.03 


5.8f 


0.9900 


-1.06 


5.55 


0.9960 


-1.00 


5.^6 


0.9970 


-1.18 


5.96 


0.997O 


-1.23 


5.97 


0.9980 


»l.fe6 


6.02 


1.9900 
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ft{ 






fl.t 
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i«#» 






, 



TWltM (cant) 

m/r.m monw, m rer was* 

AJSOI& 0? ATTACK * V SI* • 3.67 X 10 *' 



y 


h - halt 

(Inch#*) 


vA 


l.bl 


2.77 


1.0000 


1.23 


2.77 


0.996$ 


X.jUS 


2.68 


0.9808 


1*03 


2.73 


0.9889 


1.02 


2.73 


0.9889 


0.63 


2.5*8 


0.9620 


0.7k 


?.!tb 


0.9350 


0.66* 


2.01 


0.8190 


9.6S 


2.0? 


0.8500 


0.52 


1.9b 


0.83b0 


0.$1 


i.9f> 


0.8360 


O.Lb 


1.72 


0.7850 


0.33 


l.h? 


0.7260 


0.26 


1.28 


0.6770 


0.2b 


1.22 


0.6590 


0.16 


0.98 


0.6190 


0.0$ 


0.83 


0.5690 


O.0! j. 


0.S8 


0.5860 


0.02 


0.31 


0.5620 


0.01 


0.75 


O.SbbI 


•0.06 


0*$9 


0.5890 


•0.17 


1.31 


0.6550 


•0.2b 


1.66 


0.7720 


•0.26 


1.66 


0.7720 


•0.12 


2.12 


0.8690 


•0.16 


2.03 


0.8710 


-0.17 


2.19 


0*8870 


—0.56 


7 .bo 


0.9200 


-0.71 


2.67 


0.9780 


-0.6b 


2.7b 


0,99X0 


-0.76 


2.75 


0.9930 


-0.78 


2.79 


1.0000 


-1.17 


2.78 


0.9980 


-1.26 


2.79 


1.0000 


-1.3b 


2.77 


0.9980 



TABLE VI 



SURFACE VELOCITY PROFILES 



ANGLE OF ATTACK • 0.0° 



RE C “ 3.67 x 10 6 



TOP SURFACE 



STATION 1 


STATION 3 


STATION 1» 


STATION 5 


v/V 


y 


v/V 


y 


v/V 


7 


y/V 


y 


0.990 


0.03 


0.995 


0.05 


0.983 


0.05 


0.96U 


0.05 


0.703 


0.015 


0.999 


0.10 


0.998 


0.10 


0.99U5 


0.10 


0.889 


0.12 


1.000 


o.i7 


0.999 


0.17 


0.9995 


0.17 


0.999 


0.33 


0.999 


0.25 


0.9985 


0.25 


0.9995 


0.25 


1.000 


0.37 


0.999 


o.la 


0.999 


o.ai 


0.9995 


o.la 


1.000 


0.69 


0.999 


0.68 


1.00 


0.68 


1.0000 


0.68 


1.000 


0.80 


0.999 


0.71 


1.00 


0.71 


1.0000 


0.71 


1.000 


0.90 


0.999 


0.87 


1.00 


0.87 


1.0000 


0.87 


1.000 


1.00 


0.999 


0.91 


1.00 


0.91 


1.0000 


0.91 



STATION 6 


STATION 7 


STATION 8 


STATION 9 


vA 


y 


vA 


y 


v A 


y 


v A 


y 


0.8591 


0.05 


0.7U57 


0.05 


0.5891 


0.002 


0.5616 


0.02 


0.9612 


0.10 


0.8837 


0.10 


0.8106 


0.16 


0. 83U9 


0.20 


0.9339 


0.17 


0.955 


0.17 


0.9072 


0.26 


0.915I1 


0.32 


0.9965 


0.25 


0.993 


0.25 


0.9839 


o.bo 


0.9303 


o.ii5 


0.9965 


o.la 


0.9965 


o.la 


0.9970 


0.50 


0.99U5 


0.53 


0.9970 


0.68 


0.9970 


0.68 


0.9995 


0.68 


1.00 


0.72 


0.9965 


0.71 


0.9970 


0.71 


0.9995 


0.80 


1.00 


O.8I4 


0.9975 


0.87 


0.9965 


0.87 


0.9985 


0.89 


1.00 


0.9U 


1.00 


0.91 


1.00 


0.91 


1.00 


1.000 


1.00 


1.0U 










0.999 


1.25 


1.00 


1.32 


t 








0.9985 


1.58 


1.00 


1.61 



TABLE VI (cont) 
SURFACE VELOCITY PROFILES 



ANGLE OF ATTACK - 0.0° REq - 3.67 x 10 6 

TOP SURFACE 



STATION 10 STATION 11 STATION 12 



vA 


7 


vA 


y 


vA 


y 


0.5263 


0.020 


0.5301 


0.02 


0.1733 


0.02 


0.7635 


0.180 


0.7810 


0.20 


0.7880 


0.23 


0.8660 


0.285 


0.8712 


0.30 


0.90hU 


0.38 


0.9h55 


0.1420 


0.9U39 


o.hli 


0.9U3U 


0.52 


0.9752 


0.1480 


0.9721 


0.52 


0.9829 


0.60 


1.0000 


0.690 


1.0000 


0.72 


0.9995 


0.80 


1.0000 


0.800 


1.0000 


0.73 


0.9995 


0.91 


1.0000 


0.900 


1.0000 


0.9U 


0.9990 


1.02 


1.0000 


1.010 


, 1.0000 


1.03 


1.0000 


1.10 


1.0000 


1.310 


1.0000 


1.32 


0.9985 


1.3U 


1.0000 


1.600 


1*0000 


1.62 


0.9990 


1.65 



STATION 1 


BOTTOM SURFACE 

STATION 2 STATION 3 


STATION lx 


vA 


y 


vA 


y 


v A 


y 


vA 


y 


0.853 


0.025 


0.658 


0.030 


0.6750 


0.03 


0.618 


0.02 


0.20ID 


0.100 


0.978 


0.190 


0.9150 


0.13 


0.869 


0.15 


0.996 


0.110 


0.996 


0.320 


0.9975 


0.214 


0.983 


0.26 


0.999 


0.200 


0.996 


O.I43O 


0.9975 


0.38 


0.998 


O.hO 


0.999 


0.3l;0 


0.996 


0.550 




0.50 


0.997 


0.51 


0.999 


0.670 


0.998 


0.720 


1.0000 


0.65 


0.999 


0.68 


0.999 


0.800 


0.998 


0.825 


1.0000 


0.78 


0.999 


0.80 




0.890 


0.997 


0.930 


1.0000 


0.88 


0.997 


0.89 


2.000 


1.000 


1.000 


1.020 


1.0000 


0.98 


1.000 


1.00 



TABLE VI (cont) 
SURFACE VELOCITY PROFILES 



ANGLE OF ATTACK - 0.0° RE C - 3.67 x 106 

BOTTOM SURFACE 



STATION 5 STATION 6 STATION 7 STATION 8 



vA 


y 


vA 


y 


vA 


y 


vA 


y 


0.597 


0.02 


0.598 


0.02 


0.597 


0.03 


0.715 


0.120 


0.838 


0.16 




0.16 


0.11x9 


0.1U 


0.781 


0.200 


0.955 


0.27 


0.913 


0.27 


0.861, 


0.25 


0.877 


0.310 


0.998 


o.hl 


0.987 


o.uo 


0.950 


0.39 


0.960 


0.L50 


0.999 


0.51 


0.998 


0.51 


0.992 


0.50 


0.978 


0.525 


1.000 


0.68 


1.000 


0.67 


1.003 


0.65 


1.001 


0.720 


1.000 


0.81 


1.000 


0.80 


1.003 


0.78 


1.001 


0.850 


0.999 


0.96 


1.000 


0.89 


1.001 


0.89 


1.000 


0.9U0 


1.000 


1.00 


1.000 


1.00 


1.003 


0.98 


1.002 


1.050 


• 




1.000 


1.31 


l.ooi, 


1.31 


1.000 


l.hoo 






1.000 


1.61 


1.001 


1.60 


1.000 


1.670 


*■> 

STATION 9 ' 


STATION 10 


STATION 11 


STATION 12 


vA 


y 


vA 


y 


vA 


y 


vA 


y 


0.710 


0.10 


0.5U3 


0.025 


o.t,5k 


0.03 


0.506 


0.02 


0.750 


0.17 


0.696 


0.130 


0.679 


0.13 


0.509 


0.02 


0.81,1 


0.32 


0.801 


0.250 


0.780 


0.2k 


0.573 


0.07 


0.891 


0.12 


0.880 


0.120 


0.882 


0.38 


0.698 


0.21 


0.9U9 


0.U9 


0.915 


0.1,65 


0.890 


o.U5 


0.738 


0.25 


0.952 


0.70 


0.983 


0.670 


0.968 


0.67 


0.8U6 


0.U7 


0.999 


0.82 


0.996 


0.800 


0.989 


0.78 


0.893 


0.59 


0.999 


0.91 


0.995 


0.880 


0.996 


0.88 


0.930 


0.67 


1.000 


1.03 


1.002 


1.000 


1.002 


0.99 


0.957 


0.80 


0.999 


1.36 


0.999 


1.350 


1.001 


1.30 


0.998 


1.32 


0.999 


1.66 


0.999 


1.630 


1.001 


1.59 


0.999 


1.62 



TiUK* VI (coni) 
3 WACE TBUXirn mrniM 



mm o? attack • * 2 ° » 3 . 6 ? * 106 

?&*> ztwmcz 



on tick i sTATT<m 2 smioit I ^UMIM k 



*A 


y 


vA 


r 


vA 


y 


▼A 


y 


0.9160 


0.0b 


o,6no 


0.02 


0.6510 


0.02 


0,615 


0,02 


0,991? 


0.11 


0,7690 


0 .CS 1 


0,1670 


0.10 


0.879 


0.1b 


0.957b 


0.06 


0,9690 


0.12 


0.9270 


0*15 


O.909 


0.16 


0,997? 


0.25 


0 , 999 ? 


0.2b 


0.9969 


0.2b 


0.968 


0.23 


0,9970 


OJbO 


0.9995 


0*fe0 


0*9990 


0*38 


1.000 


0.37 


0.9960 


0.57 


1.0000 


0.56 


0.9995 


0.57 


0.998 


0.55 


0.9960 


0.68 


0.9995 


0.67 


0,9995 


0.69 


0.996 


0.65 


0.9950 


0.80 


0,9995 


0.79 


1 . 000 © 


0.7® 


0.99? 


0.79 


1.0000 


0.88 


1.0000 


0.87 




0M 


1,000 


0.86 



mmm 5 


SThtttM 6 


STAT.K 


»* 7 


8TATI0V 6 


vA 


y 


yA 


y 


*A 


y 


vA 


y 


0.6810 


0.05 


0.6600 


0.0b 


0 . 51 * 9 ® 


0 . 0 ? 


o*$$ao 


0.03 


0.8120 


0.15 


0.7860 


0.13 


0.7330 


0.15 


0.7250 


0.U 


0.9O20 


0.19 


O.8370 


o.i? 


0.6010 


0.19 


0.7160 


0.15 


0.9580 


0.27 


O.8950 


0.25 




0.25 


a*flt£0 


0.23 


0.9965 


0*ls0 


O.9760 


0.39 


0,9150 


0*k© 


0.93O0 


0.37 


1.0000 


0.58 


0.9975 


0.56 


0*9960 


0.59 


0.979O 


0.55 


1*0009 


0*68 


0.9975 


0.6? 


0.9980 


0.6? 


0.9960 


0.65 


0.9995 


9.32 


0.9995 


0.80 


©•9995 


0.80 


0.9995 


0.79 


1.0000 


0.86 


1.0000 


0.64 


1.0000 


0.85 


1*0000 


1.00 


















* 



E SES 
















TWIM FI (ccml) 

a&nes mncmr rmnis » 



ahux o? attack * *t* a^. » 3.6? * io* 

to ? sums t 



JffPifcTXOtl 9 STATION 10 3TATT3* IX ,ffl»T?<3g 12 



vA 


r 


▼A 


y 


*A 


y 


yA 


y 


0,527 


0.03 


o .5 fe 8 


0.03 


0.5570 


0.03 


0.623 


0.13 


O . T 52 


0.18 


Q .682 


0.10 


0.7270 


0,18 


0.758 


0.3 O 


0*8-30 


0.23 


0.731 


0.16 


0.0020 


0.28 


0.818 


0.38 


0.6 hU 


0.31 


0.781 


0.23 


0.076 O 


O . Ji ? 


0.1% 


0.53 


0*91? 


0.13 


0.057 


0.35 


0.9220 


0.53 


0,926 


0.62 


0.966 


0.62 


0.926 


0.52 


0,9770 


0.72 


0.977 


0.80 


0.975 


0.73 


0.973 


0.61 s 


0.9955 


0.8? 


0.991 


0.92 


0.998 


0.88 


0.993 


0.82 


0.9980 


0,92 


0.991} 


1.00 


1.0*50 


1.00 


1.000 


0.96 


1. OOO 0 

0.9970 


1.03 
1.56 
2* 2$ 


0.999 

0.998 


1.10 

1.66 

2.30 



mrrm nmnm 



57ATI0M 2 


mttm 3 


SMTX0U 


STA7I- 


f5 


yA 


y 


yA 


y 


*A 


y 


yA 


y 


0.653 


0.02 


0. i;?l 


0.02 


Q.4389 


0,02 


O.61U0 


0.08 


0.9S7 


0.15 


0.?% 


0.13 


O.980O 


0.13 


0.9330 


0.16 


0.995 


0.29 


0.9% 


0.28 


0.9950 


o.% 


0.9925 


0.29 


0.995 


0.1*0 


0.995 


0.1*3 


O.9950 


0,10 


0.9950 


o.feo 


0.996 


0.50 




0.51 


0.9960 


0.U9 


0.9960 


0.51 


0.999 


0.68 


1.000 


0.69 


0.9980 


0.66 


0.9985 


0.69 


0.998 


o.a 


0.9975 


0.83 


0.9965 


0.S2 


0.9975 


0.83 


0.979 


0.9O 


1.0000 


0.88 


0.9995 


Q.§9 


0.9985 


0.91 


1.000 


1.00 


1.0000 


1.00 


1.OO0O 


1.00 


1.0000 


1.01 



?.«W VI (coni) 

some* 'rnmrrt iwimi 



jmm or attack * rss c « 3.67 « 10* 

mr?m soar . ace 



static 6 gyATiaar 7 mtrj» e mnan 7 



vA 


y 


»A 


y 


v A 


y 


vA 


y 


0*6?LO 


0.02 


O.S60O 


0.02 


0.8006 


0*08 


0.60*0 


0.02 


o.e&o 


0.15 


0.6220 


0.13 


0.6200 


0.16 


0.7580 


0.15 


0.9630 


0.23 


0.9260 


0.25 


0.9120 


0.27 


0.8510 


0.26 


0*9955 


0.38 


0.9890 


o.Ul 


0.9810 


O.li0 


0.9120 


0,^0 


0.99511$ 


0.hS 


O.W 


0.50 


0»99b9 


0.53 


0,9790 


0.50 


0*9980 


0.68 


0.9980 


0.69 


0*9960 


0*70 


0.9375 


0,71 


0.9970 


0.80 


0.9980 


O.Sti 


0.9970 


0.85 


0.9975 


0.82 


0.9990 


0.8$ 


0.9990 


0.9O 


0.9985 


0.93 


0.9980 


0,68 


1.0000 


1.00 


1.0000 


1.01 


1.0000 


1.02 


1*0000 


1,01. 



STATIOJI 10 



v A 


y 


0*6620 


0*05 


0.?U$0 


0.15 


0.8350 


0.2J«t 


0.9171 


0.38 


0.9620 


0.1»§ 


0.9970 


0.67 


0.9980 


O.82 


0.9990 


O.BS 


1*0000 


1.00 



iTATPW U 



rA 


y 


0.682 


0.Q5 


0.750 


0.15 


0.828 


0*21. 


0.905 


0.38 


0.95k 


ojs 


0.995 


0*67 


0.939 


0.82 


1.000 


0.88 


1.000 


1.00 


1.000 


1.00 



STATION 1.2 



vA 


y 


0.5010 


O.Ott 


0.7220 


0.13 


0.8030 


0,22 


0.91h0 


0.3S 


0.&9O 


0*h8 


0.9920 


0*6t* 


0.9975 


0.75 


1*0000 


0.86 


1.0000 


0.95 



T*3t* vr (coni) 
oeRMCt vtuxarr rmntm 

tmi& or atmcx * o.o° ml » 5*1*5 x is/ 1 

c 

•POP 9UKPACS 



WOT l $Th?im I? 



v/7 


y 


*A 


y 


0.9930 


0.030 


0.9110 


0.065 


0.7970 


0.015 


o.tno 


0.060 


0.997$ 


0.190 


0.9750 


0*120 


0.9960 


9.330 


0.9965 


0.220 


0.9960 


0.370 


0.9995 


0.370 


0.9990 


0.&9O 


1.0009 


0.700 


0.9990 


0.800 


1,090$ 


0.010 


0.997$ 


0.909 


9.999$ 


0.9® 


1.0000 


1.000 







STATE* 10 



vA 


y 


0.5020 


0.02 


0.7350 


0.13 


0.7930 


0.17 


0.8670 


0.31 


0.9560 


0*Ui 


0.9W 


0.68 


0.9995 


0.80 


0*9990 


0*90 


1.0300 


0.99 



STATION 6 ITATSm 0 



vA 


y 


v/T 


7 


0.7O9O 


0.03 


0.7310 


0.060 


0.951*0 


0.11} 


0.?3*?0 


0.130 


0.9910 


0.19 


0*9190 


0.160 


0.9970 


0.31 


0.9800 


0*»s 


0.9975 


Ojih 


0.9975 


0,12$ 


0.998$ 


0.70 


0.9990 


0.670 


0.993$ 


O.60 


0.9990 


0.800 


0.9990 


0.90 


0,9990 


0.900 


1.0000 


1.00 


1.0000 


0.980 



mrra 12 


vA' 


y 


0.5X30 


0.6? 


O.56O0 


0.2fc 


0.8600 


0.H* 


0,9210 


0.Jb5 


0.97$8 


8.60 


0.9f9$ 


0.60 


1*0000 


0.93 


0.99B*? 


1.02 


1*0000 


1.U 



rm M VI (cant) 

siTswr, «ixm momss 



KNOW w attack - o,o° 



«:?„ » $M x xcA 



SOfW SURFaC* 



.TTATIOff l 



9TATIQW lj 



static 6 






vA 


y 


▼Af 


y 


y/V 


7 




y 


o.ecoo 


0,03 


0.6X7 


0.® 


0.6620 


o.m 


0.6f5O 


o.os 


0,9760 


0.10 


0.396 


o.os 


0.756O 


0.19 


o,mo 


0.13 


0,9930 


9.11 


0.9O6 


0.X5 


0.82LO 


0.15 


9.S020 


0.19 


0,9989 


0.20 


0.99X 


0.30 


Q.&70 


0.29 


0.8900 


9.31 




0.33 


o.m 


G.X2 


0.9390 


0.XX. 


0.9580 


0,13* 


0.9990 


0.66 


0.999 


0.67 


1.0000 


0.67 


0,9999 


0.72 


0.9990 


0.00 


0.999 


0.78 


0.9995 


0,80 


0.9985 


0.83 


0.9980 


o.es 


o.m 


0,87 


Q.9995 


0.88 


O.9905 


0.93 


1,0000 


0.90 


1.000 


0.77 


1.0300 


0.98 


1,0000 


1,02 




STATIC* 10 






OTATICff 12 






yfe 


y 






▼A 


y 






0.5620 


0.025 






0,175 


0.02 






0.6820 


0,030 














0.7310 


0.130 






0.622 


0,U 






0.71,20 


0.260 






0.7X1* 


9.21 






o.smo 


O^IO 






0.799 


0,33 






0.9300 


0.650 






0,990 


0,59 






0.9925 


0.760 






0.7J6 


0.67 






0.9960 


O.870 






o.m 


o.m 






1,0000 


0.950 






0.985 


0.S9 






0.99» 


l.K» 






1.000 


0,30 






0.9970 


1.570 






9.999 


1.55 





nw z v n 



bottom mwnow 



STATIC ? 


SAPIH33 FOR 


8T&7Z0K 


h st»t 


l 


♦2.52 


2 


♦2.20 


3 


♦2.10 


b 


♦1.95 


$ 


♦1.82 


6 


♦1,80 


7 


♦1.55 


8 


♦1.56 


9 


♦1.27 


10 


♦1*12 


n 


♦0.86 


12 


-0.0b 



t*~?rnv m cosmcissra 



h stet xm 


bjt— hgp 


♦i.ba 


•1*10 


♦1.38 


-0.82 


♦1.35 


-0.75 


*1.31 


-0.6b 


*1.25 


-0.57 


♦1.28 


-0.52 


*1.29 


-9.26 


♦1.25 


-0.31 


*1.1? 


—0.10 


♦1.18 


♦9.06 


♦1*98 


♦0.72 


*0.86 


♦0*90 



AWOTiS OF ATTACK » 0.0* 

RT C « 3.47 x 10* 

hai-hee at 



q® 


-~m — 


U.7b 


- 9.09370 


:vo 


- 0,06890 


x 


-9.06370 


11.76 


— O.OjbbO 


11.80 


-O,Ob «30 


11.72 


-9.Cbli.30 


11.78 


-9.02208 


11.89 


-9,02628 


n .75 


-9.90851 


U.8b 


*0.00507 


11.7b 


♦9.0187b 


11.78 


*0.9?6b9 



h stet end h a tat® in Inches of oil spc. 0*677 on Inclined nanometer. 
<2o) * dynamic heed r©«<! on indirect reading «« nose tax'* 

*pg. O.806 converted to seme semi* eat inclined man««t*r. 

♦ Indicates inches above detars on Inclined menocaetmr. 

• ineieete* inches belt*# dstwm o« Inclined naaomter. 



TOP SURFACE 



TAST* ?i'T fcor.t) 

JOTas-iiBR cnsTtci'amj 



A»P51« W“ ATTACK • 0.0° 



STATIC 3XABI1D3 WS !MB 



3TATI0S 


h st«t 


h vtftteo 


1 


*2.31 


*1.30 


2 






3 


♦3.32 


♦1.30 


t* 


♦3.3b? 


♦1.29 


5 


♦3 .60 


♦1.31 


6 


*3.&> 


*1.23 


? 


♦3.30 


♦1.10 


8 


*3.Ji$ 


♦1.20 


9 


♦3.6? 


♦I.X8 


10 


♦3^0 


♦1.09 


u 


*3.20 


*1.10 


u 


+2.7U 


♦1.08 



m c - 3.6? x i</ 3 



ha -boo 


<5® 


<T^ 


-1.01 


11.73 




-2.02 


11.78 


-0.1715 


-2.18 


11.75 


-0.1555 


-2.29 


11,7$ 


-0.1950 


-2.3? 


11.85 


-#*ao>3 


-2.20 


11.76 


-0.1071 




U.75 


-8.1915 


—2 .Mi 


11.75 


-0.2076 


-2.31 


U.TO 


-0.197ii 


-2.10 


11.70 


—0* X?9lj 


-1.66 


11.75 


-O.Utl2 



VII (cont) 



rasri&ys c T- *nn 

HOTTOM »3t*AC* 

3 rao« pa5» static wwe 



STATIC 


h stftt 


1 




2 


-0*1:5 


3 


*0.10 


U 


*0.25 


5 


*0.3? 


6 


*o.5o 


7 


*0.1,9 


8 


♦o.SS 




+%k$ 


10 


*0.30 


n 


♦1.25 


12 


♦1.25 



i ftt*t 0> 


ha-ha? 


♦1*03 


*1.15 


*1.03 


*0.90 


♦1.00 


*0.75 


*1.90 


♦0.6,3 


*1.00 


*0.<0 


♦0.98 


*Q.ii9 


♦0.9- 4 


♦0.1*0 


*0.0? 


*0.32 


♦0.89 


*0.59 


*1.25 


♦0.71 


*1.25 


♦1.25 



.^W. ■> AWI * ?.0' a 

<* e * 3.6V X 1# 

h»t-h» at 








11.16 


0.1*23 


n.8o 


0.0762 


11.05 


0.0633 


U.85 


0.0532 


11.05 


0.05,22 


11.86 


0.01*13 


11.86 


0.033? 


11.85 


0.0270 


U.«$ 


0.di93 


11.90 


0.0622 


11.95 


0.101*6 



T«t£ fir (const) 



co^*ie.i*vw 



TOP *mFX<3£ 

mi>PK5S ficw m !t*£S ST4tt' iTHME 



arm** 


h stfit 


h sfialca 


i 


*5.33 


+1.20 


2 


4.7# 


♦1.05 


3 


4.20 


•O.-'Sft 


b 


4 # lf 


+0.6B 


5 


4.io 


* 0.10 


6 


♦3.?6 


*0.60 


T 


+3.T1 


*0.53 


e 


+3.53 


♦0.62 


9 


+3.50 


♦0.6? 


10 


+3.2? 


+0.65 


11 


+3.35 


♦0.99 


12 


♦2 .73 


♦1.0? 





A\t>Lr. rr 


m^K « 2 , 




r-? c - 3.6? x ic/' 


h*-h© 




*t 


4.13 


11.81 


-0.35b 




n .95 


-0.3052 


■"*3.52 


u.n 


-0.2995 


-3.51 


n.85 


-0.2960 


-3.U# 


11. Bh 


-0.2S70 


-3.35 


11.90 


-0.2661 


-3.16 


11.80 


-0.2692 


-2.96 


11.8b 


-0.2500 


-2.35 


11.85 


-0*?fcQ£ 


-2.62 


11.76 


-0.2225 


-2.39 


11.82 


-0.2020 


-1 t(l 


11.85 


-0.1385 



TW! VI (cant) 

rtf? , ^ f. »'• 'TP r*" r yK 



oorr™ fw«* 

r-vs^Fn rmr o?*t rr "aps 



3TAT?$X 


h at»% 


h #t*«» 


1 


*2.26 


-0,h0 


2 


*0,18 


+0.90 


3 


«o.$i 


*0.90 


!* 


+0*60 


*0,90 


$ 


*0.68 


*0.90 


6 


+QM 


*0.90 


7 


♦0,5? 


+0,90 


0 


*1.?1 


♦0.90 


9 






10 


♦0,75 


♦0.70 


U 


♦0,79 


*0,70 


X* 


♦0,37 


*0,70 


13ft 


•0,68 


+0,37 


133 


•0,81, 


♦0.33 



l- L T 0* * ?.0° 



■? c * 3,6? sc 10^ 





c 


si 


he-h® 


«r» 


“'qi " J 


+7*66 


11.8$ 


♦0.2261O 


♦0,72 


11.15 


+0.y-o8o 


*0.39 


n. r < 


♦<3.03290 


•+0.30 


11.8$ 


*0.02530 


*0.2? 


11.8$ 


+0.01 3$ 80 


*0.1? 
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